Introduction
Black spot disease of Japanese pear (Pyrus serotina Rehd.) caused by the Japanese pear pathotype of Alternaria alternata (Fr.) Keissler (previously designated as A, kikuchiana Tanaka) (17, 28) , is the most important and serious disease of this popular fruit. The fungus produces host-specific toxins which are very toxic to the susceptible cultivars of Japanese pear (15, 28) . The toxins cause necrosis and permeability changes on the leaves and fruit of the susceptible cultivars (7, 19, 20) .
`Nijisseiki' which is one of the leading cultivars of Japanese pear, is known to be susceptible to the disease. Growers had prevented the occurrence of the disease by wrapping the fruit with a paper bag and frequent spraying of fungicides. The susceptibility to this disease is controlled by a single dominant gene.
The majority of the susceptible cultivars are heterozygous for this gene (9) .
For the improvement of one or a few characters of a cultivar, mutation breeding is the most useful method.
Several mutants have been induced and used in breeding of fruit trees (1, 3, 6, 11, 12, 30, 31) .
These facts strongly suggest the possibility to induce in `Nijisseiki' a mutant which would be resistant to black spot disease.
The rationale is that the susceptibility of this cultivar is expressed by a single dominant gene in heterozygous state and that the inactivation of this dominant gene may result in a resistant mutant.
Actually, a mutant branch was found in a tree planted and irradiated in the gamma-field.
This report deals with the characteristics and performance of the mutant in relation to the reaction to the disease. In order to evaluate the degree of resistance of the selected mutant to black spot disease, artificial inoculations were performed by using spores and the host-specific toxin produced by the pathogen.
It was reported that `Nijisseiki' was also susceptible to alternaria blotch of apple caused by Alternaria alternate apple pathotype (previously designated as A. mali Roberts) (13, 26) .
Therefore, the degree of resistance of this mutant to alternaria blotch was evaluated by artifical inoculation with spores and phytotoxin of apple pathotype too.
Materials and methods
In 1962, grafted trees of `Nijisseiki' were planted in the gamma-field of the Institute of Radiation Breeding, at a distance ranging from 37 m (33 R/day) to 93 m (4 R/day) from a 60Co source, and since then they have been irradiated chronically.
One branch (r-1-1) of a tree planted at a distance of 53 m (15 R/day) from the 60Co source was selected as a resistant mutant in 1981, when sprayings of fungicides were reduced.
The branch was vegetatively propagated in a field outside of the gamma-field.
In order to examine the degree of resistance of this mutant, several resistant and susceptible cultivars were compared.
A virulent isolate (K 110) of the Japanese pear pathotype was supplied by Dr. K. Kohmoto, Tottori University.
A virulent isolate (AKI-3) of the apple pathotype of Al- The latter pathogen causes alternaria blotch on apple (24).
The spore suspension was prepared by the following method.
The fungus was grown in apricot medium for about 30 days at 25°C. Spores were collected from the surface of the fungal mat and were filtered through a cheesecloth.
Concentration of the spores was adjusted to 104-105 spores/ml. Drops of the spore suspension (about 40 ul per drop) were placed on detached leaves or fruits, which were kept on plastic meshes in a moist chamber at 25°C. The degree of necrosis was determined after 4 days of incubation.
AK-toxin I produced by the Japanese pear pathotype was supplied by Dr. T. Nakahsma, Kyoto University.
The alternariolide (AMtoxin I) produced by the apple pathotype was supplied by Dr. T. Okuno, Hirosaki University (18, 25, 29) . For treatments, small square pieces of the samples (7 mm x 7 mm) were cut from leaves of Japanese pear and apple cultivars.
They were placed in petri dishes with the upper surface in contact with two sheets of filter paper moistened with the toxin solution.
The degree of necrosis was determined after 2 days at 25°C.
Results

Inoculation
of spore suspension to leaves.
Leaves at different ages were inoculated with drops of the spore suspension (Table 1) . oculated with the spore suspension on the In the susceptible `Nijisseiki', the necrotic black spots, typical symptoms of this disease which appeared on the 2 nd to 5 th leaves from the top, were not observed on mature leaves.
These symptoms were not observed on the leaves of the resistant `Chojuro' except for a few lesions on younger leaves such as the 2 nd leaves. In the case of the mutant (r-1-1) which was resistant to black spot disease, an intermediate reaction was observed when compared with the reaction in `Nijisseiki' and `Chojuro'.
The effects of the spore concentration(5.2, 2. 4, 0.9 x 104 spores/ml) and incubation temperature (20°C, 25°C) on the formation of the black spots were examined using the 4 th leaves (Table 2) . On `Nijisseiki' leaves, the first visible symptoms of black spot were observed on the next day after the inoculation of a high concentration of spores and on the 2 nd day when the spore concentration was lower.
The symptoms were slightly more severe on r-1-1 and `Ni jisseiki' leaves at 20°C than at 25°C. Under all the inoculation conditions, the expression of the symptoms on r-1-1 clearly differed from that on `Nijisseiki' leaves . Data on the intermediate resistance exhibited by r-1-1 are presented in Table 1. 2. Treatment o f the 4 th leaves with AKtoxin I.
Leaf pieces cut from several cultivars of Japanese pear were treated with different concentrations of AK-toxin I. The inoculation tests using spore suspensions of the Japanese pear pathotype were carried out and compared with the AK-toxin I treatment (Table 3 ). In the case of spore inoculation, the necrotic lesions were more severe on `Nijisseiki' and `Hakataao' out of the f our susceptible cultivars which exhibited a high percentage of lesions.
However, no differences in the severity of the symptoms among the four susceptible cultivars were observed in the case of the AK-toxin I treatment. Almost all of the pieces of leaves from the susceptible cultivars showed necrotic lesions at a concentration of 1 ppm and the symptoms were observed at the fringe of the leaf pieces even at a concentration of the AK-toxin I as low as 0.01 ppm. The symptoms never appeared on the leaf pieces of the four resistant cultivars when these were inoculated with AKtoxin I as in the case of the inoculation with the spore suspension.
Then the r-1-1 leaf pieces were treated with the AK-toxin I, only a few necrotic lesions were observed at a concentration as high as 1 ppm. The intermediate response of the leaf samples of r-1-1 to the AK-toxin I was similar to that of the spore inoculation (Tables 1 and 2). 3. Inoculation of spore suspension or AKtoxin I to the surface of fruit skins.
Fruits at different developmental stages were treated with drops of the spore suspension (Fig. 1) . Severe symptoms were observed on young fruits of `Nijisseiki' on May, 27. The symptoms were less severe when the inoculation date was delayed, although some symptoms were observed even on mature fruits.
No symptoms were detected on `Chojuro' fruits inoculated with spores re- gardless of the developmental stages examined. The faint brown spots which apparently differed from the black spots on susceptible cultivars, were observed on r-1-1 fruits inoculated with spores. These specific faint brown spots on r-1-1 faded when the inoculation date was delayed.
The results of the treatment with the AKtoxin I are not shown since similar results to those shown in Fig. 1 were obtained.
In general, the application of 1 ppm AK-toxin I to the fruit skin gave results comparable with those obtained with the inoculation of 105 spores/ml, although the responses seemed to be slightly weaker than those after the inoculation with spores on and after aug., 21.
4. Inoculation of spore suspension or alternariolide (AM-toxin 1) of apple pat hotype to the 4 th leaf.
The severity of the symptoms observed on `Ni jisseiki' and the r -1-1 mutant after treatment of pieces of leaf or leaves with the alternariolide or spores of the apple pathotype was compared in various susceptible and resistant apple cultivars (Table 4) . Among the apple cultivars, `Indo' showed the strongest response.
The severity of the symptoms onserved on the leaves of apple cultivars treated with the alternariolide or spores of the apple pathotype varied with the type of cultivar.
In other words, a very wide range of suscepribility to the apple pathotype was obverved among apple cultivars, in contrast with the responses of Japanese pears treated with AK-toxin I or the spores of the Japa- Fig. 1 . Severity of symptoms after inoculation of a spore suspension on fruits at different developmental stages.
•, Q : Nijisseiki ; A, A : r-1-1 ; x : Chojuro. Q, p : 2 x 104 spores/ml ; •, A : 105 spores/ml. black spots ; ---: faint brown spots. nese pear pathotype, where either severe symptoms or no response at all were observed in the susceptible and resistant cultivars, except for the r-1-1 mutant.
Necrotic lesions were observed on the `Nijisseiki' leaves treated with the spores or alternariolide of the apple pathotype. However, the severity of the necrosis on `Nijisseiki' was very light, as in case of on the apple `Golden Delicious'.
Moreover, in the case of r-1-1, the responses of leaves to the inoculation of spores of alternariolide of the apple pathotype seemed to be slightly weaker than on `Nijisseiki'.
The differences in the responses to the spores or alternariolide of the apple pathotype were not significant.
Discussion
Black spot disease caused by the japanese pear pathotype of Alternaria alternata which is a very serious disease in susceptible cultivars of the Japanese pear, does not affect resistant cultivars and other non-host plan ts (13, 26) . Tanaka reported that the pathogen was able to produce a host-specific toxin(28).
Recently, Nakashima et la. (14, 15) who isolated the AK-toxins I and II, from a culture broth of the pathogen determined their chemical structures.
The AK-toxins induced necrotic lesions similar to those induced by spore inoculation (7, 19, 20) . Therefore, it is considered that the AK-toxin treatment is a very useful method for the evaluation of the susceptibility to the disease in Japanese pear.
Leaves or fruits from susceptible and resistant cultivars were inoculated artificially with spores or the AK-toxin I. The results obtained and reported here almost agreed with the data reported previously (9, 10, 16, 17, 20) . In the case of natural infection under field conditions, there were a few differences in the susceptibility to the disease among susceptible cultivars.
However, no differences were observed among the susceptible cultivars in the case of artificial inoculation with AKtoxin I. Such intermediate responses observed in r-1-1 were not reported previously in various cultivars of Japanese pear (9, 16, 17, 20) .
If a single recessive mutation were to be induced in the dominant susceptibility gene in `Nijisseiki', the resulting mutant would exhibit full resistance to the disease similar to that of `Chojuro' and the other resistant cultivars.
However, the present r-1-1 resistant mutant exhibited an intermediate resistance to black spot disease due to two possible mechanisms.
The intermediate resistance may be ascribed to a leaky mutation which would result in a mutant gene acting in the same way as the original allele, but with less expression.
The second possibility would be the existence of a periclinal chimera which possesses two genetically different cell layers, one surrounding the other in a meristem.
In the present mutant, the latter hypothesis is more plausible because the presence of a periclinal chimera is often observed in bud sports (2, 4, 5, 8, 27) , and the combination of layers of mutant cells and non-mutant cells may result in the intermediate expression of the mutation.
However, the possibility of a leaky mutation can not be ruled out until detailed examination confirms the presence of a periclinal chimera.
Some of the Japanese pear cultivars were also susceptible to the apple pathotype of A. alternata which is different from the Japanese pear pathotype (13) .
The pathogen pro- duces AM-toxins I (alternariolide) and II(18, 29) as the Japanese pear pathotype produces 15) . It is considered that the susceptibility of the Japanese pear to the apple pathotype and the Japanese pear pathotype is controlled by different genetic factors, because there is no relationship between cultivars susceptible to the AK-toxin and AM-toxin in pear (13) . Moreover, the AM-toxin injures chloroplasts as well as the plasma membrane (23) whereas the AK-toxin injures the plasma membrane only (21, 22) . Nevertheless, it was reported that `Nijisseiki' was susceptible to both pathotypes (13, 26) . Compared to the AK-toxin which revealed either resistant or susceptible types among pear cultivars, a very wide range of susceptibility for the AM-toxin was observed among apple cultivars.
The degree of susceptibility of r-1-1 to the alternariolide (AM-toxin I) was very low, as in the case of the apple `Golden Delici ous'.
Therefore, it may be considered that the susceptibility to alternaria blotch of apple of the induced resistant mutant r-1-1 will not cause serious problems for cultivation.
In conclusion, we succeeded in developing a mutant of `Nijisseiki', showing intermediate resistance to black spot disease. No seriour problems have arisen for field cultivation during the 5 year period since the selection, as far as black spot disease is concerned. Further investigations to reveal the characteristics of the resistance of the r-1-1 mutant under field conditions must be carried out as the mutant may possibly be a periclinal chimera.
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